Claims 

< 

[Claim 1] A diffractive optical element (DOE) for diverging an incident laser beam into 

K diffracted beams, the k-th beam having angles (ak. pk) to an incident beam axis, comprising: 

RxS lengthwise and crosswise aligning pixels {€,„„} (m=l, 2, R; n=l, 2, S) of a 
size of axb which have g (=2- s: integer) different values of thickness {d^„} varying within one 
wavelength of laser light X and have g (=2^ s: integer) different values of complex amplitude 
transmittance {t„,„} given by tm„=expG27i(n-l)d.„„A,) where n is a diffractive index of the DOE, 

the RxS pixels lacking a structure of repeating a common unit pattern and each of the 
RxS pixels being assigned with arbitrary {t„,„} values without restrictions from {t™.} of other 
pixels, 

the angles (ak, pk) of the k-th diffracted beam (k=l, 2. K) satisfying equations, 
sinak=mkU, 
sinpk=nkV, 

where mk and nk are integers having no common divisor, and U and V are the positive 
greatest common divisors (measures) for {sinak} and {sinpk} for k=l, 2, K, and 

both or either of the greatest common divisors U and V being smaller than a quotient 
TJaR or TJhS of the laser wavelength X divided by a size aR or bS of the DOE, that is, 
U<AyaR, 
V<AA)S. 

[Claim 2] A diffractive optical element (DOE) comprising: 

RxS lengthwise and crosswise aligning pixels {C„,n} (m=l, 2, R; n=l, 2, S) of a 
size of axb which have g (=2»: s: integer) different values of thicknesses {d„,n} varying within 
one wavelength of laser light X and have g (=2^ s: integer) different values of complex 
amplitude transmittance {tn,„} given by t„,n=expa27c(n-l)d„„A) where n is a diffractive index of 
the DOE, 
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complex amplitude W(a, P) of a beam diffracted in a direction of a horizontal angle a 
and a vertical angle p being calculated not by the Fast Fourier Transform but by. 

Wia , /?) = sinc[^^ jsincj^M exp{- jk{maa + nbp)} 

where summations are carried out for all the pixels in the DOE and some or all of the 
diffraction beam angles (a, p) are either on or off lattice points defined on an object plane, 

in the case of diverging an incident laser beam into K diffracted beams, the k-th beam 
having angles (ak, Pk) to an incident beam axis, 

the angles (ak, Pk) of the k-th diffracted beam (k=l, 2, . . ., K) satisfying equations, 
sinak=mkU, 
sinpk=nkV, 

where mk and nk are integers having no common divisor and U and V are the positive 
greatest common divisors (measures) for {sinak} and {sinpk} for k=l, 2, K, and 

both or either of the greatest common divisors U and V being smaller than a quotient 
A/aR or X/bS of the laser wavelength %. divided by a size aR or bS of the DOE, that is, 
U<VaR, 
V<7JhS. 

[Claim 3] The diffractive optical element according to claim 1 or claim 2, wherein the 

DOE is a Fraunhofer type DOE having an infinitely long focal length (f=oo or f=-oo). 
[Clahn 4] The diffractive optical element according to claim 1 or claun 2, wherein the 

DOE is a Fresnel type DOE having a finite focal length ((-oo < f <oo). 

[Claun 5] The diffractive optical element according to claim 1, wherein calculations of 

dififracted beam intensity are not based upon the Fast Fourier Transform but carried out by 
summing the whole terms of all the pixels, 

[Claim 6] The diffractive optical element accordmg to any one of claims 1 to 5, wherein 
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calculations of diffracted beam intensity are carried out by summing the whole terms of all the 
pixels and calculations of noise are carried out the Fast Fourier Transform for alleviating noise 
calculation time, and the transmittance distribution {tn,„} is determined for satisfying a restriction 
of desired diffraction beam intensity and another restriction of reduction of noise. 
[Claim 7] A laser machining apparatus comprising: 

a laser apparatus for producing a laser beam; 

a diffractive optical element (DOE) for diverging the laser beam into K diffracted beams, 
the k-th beam having angles (ttk, pk) to ah incident beam axis, comprising 

RxS lengthwise and crosswise aligning pixels (C„,„} (m=l, 2, R; n=l, 2, S) of a 
size of axb which have g (=2^ s: integer) different values of thickness {dm„} varying within one 
wavelength of laser light X and have g (=2^ s: integer) different values of complex amplitude 
transmittance {tm„} given by t„,„=expa27c(n-l)d,„,A) where n is a diffractive index of the DOE, 

the RxS pixels lacking a structure of repeating a common unit pattern, 

each of the RxS pixels being assigned with arbitrary {tm„} values without restrictions 
from {tmn} of Other pixels, 

the angles (ak, Pk) of the k-th diffracted beam (k=l, 2, .... K) satisfying equations, 
sinak=mkU, 
sinPk=nkV, 

where mk and Uk are integers having no common divisor, and U and V are the positive 
greatest common divisors (measures) for {sinak} and {sinpk} for k=l, 2, K, and 

both or either of the greatest common divisors U and V being smaller than a quotient 
TJaR or X/hS of the laser wavelength X divided by a size aR or bS of the DOE, that is, 
U<XyaR, 
V<VbS; and 

a lens for converging the diffracted beams on a plurality of aimed points on an object. 
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[Claim 8] The laser machining apparatus according to claim 7, wherein the converging 

lens is an fsinG lens. 
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